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North Gujarat: A Region in Climate Extremes

North Gujarat falls in western India falls in the Gujarat plains, one of the sub-zones of the major physiographic zone called the “western plains” in India (IITM, 2007). The Gujarat plains have a total geographical area of 66,904 sq. km. North Gujarat, which is the most arid part of this unit, is located in the northern parts of Gujarat plains. North Gujarat region itself shows major variations in rainfall from 350mm in the western parts (Santalpur) to 900 mm in the north-eastern parts of Sabarkantha. The rainfall is highly erratic with the average number of rainy days varies from 25 in Banaskantha district on the eastern side to 35 in Sabarkantha on the western side (IRMA/UNICEF, 2001). 
High inter-annual variability in rainfall is one of the striking features of this region. Rainfall in Palanpur for the period from 1901 to 1990 shows a coefficient of variation (CV) of 50.2%, while the mean value remains at 682m. Within the same district, at Radhanpur, which is just 100 km away, the mean annual rainfall is 496mm, with a CV of 59.6% (Kumar, 2002). The high year to year variation in rainfall, sandy soils and the high soil evaporation caused by high temperature and wind speed and extremely low relative humidity cause disproportionately higher variation in stream-flows and groundwater recharge in the region (see Figure 1). The high frequency of occurrence of droughts in the region (Sinha Ray and She Wale, 2001) is because of this. It leads to shortage of water for irrigation & drinking, and fodder (IRMA/UNICEF, 2001).  
 Climatic variability, however, is not a new phenomenon for the region’s communities. Analysis of data for 124 years shows that the region has been subject to several droughts in the past century (Sinha Ray and She Wale, 2001). During these droughts, the thousands of ponds which dot the region get dried up. But, the communities could survive by digging more wells using labour, and lift water using animal power for irrigation, cattle drinking and domestic uses. 
Increasing Vulnerability to Climate Variability


Socio-economic changes, which the region experience during the past 4-5 decades and mostly brought out by population growth and introduction of modern farming, changed its water resource landscape. The shallow, manually operated wells and those operated by draught power got gradually replaced by energized wells. While well irrigated area remarkably increased, it dried up the shallow aquifer and also the large number of village ponds. The region became one of the largest exporters of dairy products in the country. 
Modern dairy farming introduced in the region brought in water-intensive alfalfa and created the need for irrigation water to produce green fodder during summer months. The market infrastructure provided by the milk producers’ cooperatives had encouraged farmers to go for intensive dairy farming, increasing the need for growing water-intensive fodder crops (Kumar and Singh, 2008). The deep tube wells with submersible pumps with subsidized electricity perpetuated mining of aquifers. The expensive tube well irrigation kept many poor small and marginal farmers out of irrigation. The region’s agriculture became heavily dependent on groundwater intensive use. The communities are now fully dependent on water imported from distance and wells for meeting basic survival needs.

[image: image1.emf]0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

0

100000

200000

300000

400000

500000

600000

1.2 8.3 15.5 22.6 29.8 36.9 44.0 51.2 58.3 65.5 72.6 79.8 86.9 94.0

Rainfall (mm)

Estimated Runoff (cubic metre)

Percentage probability
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Agriculturally, it is one of the most prosperous regions in the country. But, what seem to have aggravated the problem are the rainfall changes during the last 4-5 decades (IITM, 2007); and the growing demand for water for agriculture. The analysis of rainfall for the past 150 years though does not show any consistent long terms trends, the rainfall decreased during 1856-1899, it went up till 1959, and later on started declining after 1960 till 2006 (IITM, 2007). Agricultural water use is very intensive in the region. Dairying was found to be the most water-intensive component of the farming system there, as one litre of milk needs 2.5 to 3.2m3 of water (Singh, 2004). As per 2001 estimates, a total of 447m3 of water is used up per capita of human population, against a per capita renewable water availability of 427m3/annum per capita (IRMA/UNICEF, 2001). 
During dry years, replenishment of aquifers reduces and pumping goes up, upsetting the water balance severely with excessive water level drawdown and well failures. It is important to note that unlike conventional crops, where farmers were found to be reducing winter crop area during drought years due to water shortage, it is difficult for farmers to discard highly productive dairy animals and minimize their water demands. Dairying is the back-borne of the rural economy here. A study in some villages showed that it accounted for nearly 70% of the surplus value product from irrigated agriculture here. Hence, the vulnerability to drought is high.
Future Climate Change Impacts


If the region experiences rise in temperature in future, owing to the high aridity and lack of soil moisture during the summer months, its impact on rainfall could be negative (Trenberth, 1999). Going by the rainfall-runoff relationship existing in the region, the reduction in rainfall in a particular year can bring about disproportionately higher reduction in annual runoffs and groundwater recharge (see Figure 1). 
The past trends in rainfall in India particularly Gujarat shows higher variability in rainfall in places of lower rainfall magnitudes (Kumar, 2004). Hence, we can assume that the variability in rainfall would increase. While the overall mean values of stream-flows and groundwater recharge could reduce sharply, the variability could be extremely high. Flow variability is already very high in rivers. The 20-year data for stream-flows in Banas River shows that the flow (at Deesa)
 varied from a minimum of 12.37 MCM in 1987 to 1872.92 MCM in 1994 and the reservoir overflow was significant. Such increase in variability can induce huge impact on irrigated agriculture dependent on reservoirs, groundwater pumping, and communities living in the downstream areas of the reservoirs in bad years. 

The region has 15 large and medium reservoirs, meant for irrigation and drinking water supplies. All these reservoirs are over-designed, and have dependable flows much less than the water demand from their design commands, and drinking water sectors (Kumar et al., 2000).  Over the years, an increasing share of the water from these reservoirs is getting allocated for municipal uses and rural drinking, owing to deteriorating quality of groundwater from deep aquifers and used for domestic purposes, with high levels of fluoride and TDS. Reducing inflows would eventually jeopardize the interest of the farming communities. In the absence of alternative source of water, farmers could increase the rate of groundwater mining. On the other hand, the rural and urban water supply sectors also would be badly hit by this.    
Coping Mechanisms of the Communities

The communities in the region had applied social ingenuity to sustain irrigated agriculture, by designing and nurturing institutions for exploiting groundwater. But, this has only helped in sustaining the access to groundwater which is fast depleting. The decentralized water harvesting and recharge schemes promoted by the government in the region fail to make any positive impacts as the water supplies from them are highly unreliable, and too little during bad years (Kumar et al., 2008). Given the very high demand for water in the region, high variability in annual hydrological events and the likely changes in the region’s water resource due to future climate change, it is left with very limited options of either engaging in large-scale surface water imports, or to cut down the water use in agriculture enormously. 
The communities are quite aware of the fact that the region would soon run out of water, unless major interventions are made to improve the region’s water balance. Inter-basin water transfer would help (Ranade and Kumar, 2004), but it is difficult to get increased share from Narmada in the long-term; the present share from Narmada would just be sufficient to cover up the reduction in groundwater area caused by declining aquifer storage. In some areas, communities were found to be compromising on their daily water needs for washing and bathing, by reducing the frequency of use. In irrigated areas, major reductions in kharif crops and irrigated winter crops were seen in years of droughts as compared to normal years.   
Strategies for Adapting to Climate Variability and Change

Adaptation to changing conditions in water availability and demand has always been at the core of water management. The IPCC defines climate change adaptation as: ‘An adjustment in natural or human systems in response to actual or expected climate stimuli or their effects, which moderates harm or exploits benefit opportunities’. Climate change adaptation clearly focuses on climate-related hazards, such as floods, droughts and storms. Vulnerability of people and ecosystems to climate variablity and change results from a combination of external pressures, internal pressures, sensitivity to changes, and coping capacity (IPCC 2001). The project initiated by the International Water Management Institute, under the North Gujarat Initiative (NGI), became instrumental in changing the mindset of the official agencies, NGOs and communities that building more recharge schemes would not help in tackling droughts; and a finding a lasting solution to the crisis lies in water demand management in agriculture.

Three strategies were introduced: promoting micro irrigation (MI) systems for agricultural crops; introducing highly water-efficient, high valued crops; and organic farming practices. While the farmers were quite convinced of the utility of MI devices being introduced there for improving crop water productivity, the challenge was in aligning the social interests with the private interests of farmer. One major disincentive for the farmers was in moving away from a farming system like dairying which provided stable income and regular cash flow. The existing pricing of electricity in the farm sector and the absence of groundwater ownership rights meant that the farmers do not have any particular incentive to go for them, as water and energy saving does not lead to cost saving (Kumar et al., 2008). Although the yield enhancement was a good incentive, the potential incremental benefit was not perceived to be very significant for many of the dominant crops grown in the region such as wheat, bajra, jowar and mustard.   

But, crops such as pomegranate and lemon were introduced in the area as the least water- demanding crops and which could survive at times of acute scarcity. The high income return from this crop was another attraction. The constant extension input provided to the farmers that they would be able to manage their crops and sustain income from farming with least amount of water at times of acute shortage was a strong incentive for them to go for it. Since micro technologies are highly amenable to these crops, most farmers immediately went for adoption of the MI systems. 
Strengthening Adaptive Capabilities

With the adoption of the MI technologies, following were the notable changes in the farming system found from a survey of 114 adopters. The % area under cash crops such as potato, and pomegranate increased remarkably by 19.5% and 1.5%, respectively. This is mainly because technology adoption itself was associated with farmers getting motivated to go for new crops which were more amenable to such systems. Also, some farmers were seen expanding the area under crops for which they initially adopted the system, replacing the traditional crops. At least, some reduction in the cropping intensity was seen, as the average gross cropped area of the individual farmer went down from 3.96ha to 3.22ha. Average farm income rose up by Rs. 99442 per annum, and was most significant in the case of orchard growers. The water productivity of the new crops was much higher than that of the traditional ones with pomegranate giving a water productivity of Rs.39.1/m3 of water, and MI-irrigated potato giving a WP of Rs.7.1/m3 against all traditional crops giving an overall net water productivity of Rs. 6.88/m3 (Kumar and Sharma, 2009).   


While pomegranate and lemon have gestation period of 1.5 and 3 years, respectively, it was difficult for the resource poor, small holders to wait after heavy capital investments. One way to overcome this was through encouraging farmers to go for inter-cropping of fruit plants with vegetables such as bottle gourd, bitter gourd, and water melon, which gave them returns high enough to recover the entire cost of drip system installation.  


A major criticism of the NGI strategy was that even large-scale adoption of MI systems and water efficient crops would not result into reduction in groundwater draft. Conversely, it was argued that with reduction in water requirement per unit of land achieved through WUE improvements, the farmers would expand the area under irrigation by using the “saved water” (source: David Molden, IWMI, Personal communication). Further, with higher income return from every unit of water pumped, the farmers would be tempted to invest more in well irrigation for growing high valued cash crops (source: Peter McCornick, personal Communication). But the project outcomes proved them all wrong

Another important criticism of the strategy was the increased dependence of the project on MI systems for improving regional water productivity. Some critiques argued that use of MI systems would only result in “applied water saving” and not “real water-saving” as according to them, the return flows under conventional method of irrigation would be available for reuse, and the real water saving can occur only if there is reduction in crop ET (Molle and Turral, 2004).  But, by virtue of the deep dewatered zone in the alluvial aquifers of north Gujarat, the return flows would not be available for reuse, and instead would be part of the total water depleted water, consisting of “non-recoverable deep percolation” and soil evaporation (see Allen et al., 1998 for details). Hence, MI adoption would actually lead to saving of water in the aquifers. 

The water saving and energy saving benefits from the use of MI systems do not result in income benefits for most farmers who pay for electricity on the basis of connected load. But, the project showed that it is possible to motivate farmers to adopt water-saving MI systems without providing subsidies. One strong incentive was the reduction in drawdown in wells, and the consequent reduction in incidence of well failures experienced by the earlier adopters. This was mainly due to drastic reduction in pumping resulting from improved water productivity. The other incentives were higher crop yield and income.  

The indirect impacts of NGI interventions are much larger than the direct impacts. The impacts of the extension activities went beyond the project villages and farmers from many villages within the same and neighboring talukas went for adopting the new technologies. While the total cropped area brought under MI in the 120 NGI project villages was 2750ha, the same in outside project villages and talukas was 21,537 ha (Kumar and Sharma, 2009). The greatest impact of the interventions was enhanced knowledge of farmers about the technologies and crops that are most favourable for arid environments like that in north Gujarat, including mulching.
Concerns for Future


Efficient irrigation technologies and crops would help farmers overcome the stress caused by climate variability and change. But, the poor farmers, especially marginal farmers, do not have the wherewithal to adopt most of these systems, with the exception of organic farming practices. Soft loans are therefore being offered to marginal farmers to buy MI equipments by the Society for Integrated Land and Water Management (SOFILWM), the organization mandated to pursue the NGI strategies in north Gujarat and other semi arid regions. Additionally, new systems have to be designed for poor water-buyer farmers to use MI devices in their fields, with suitable cropping patterns that give high returns to offset the high cost of the system. 
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� 	This is the estimated virgin flow at Deesa, a gauging point d/s of Dantiwada dam, and was obtained by the inflow in the dam (less than the gross storage) and the observed stream-flow at Deesa. 
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						710.20		71.02		10.6917555227		106917.555226579		0.1069175552		1906		822.40		143831.940763661		0.2619047619		26.1904761905

						309.80		30.98		1.9976708248		19976.7082476205		0.0199767082		1954		815.80		141507.53062801		0.2738095238		27.380952381

						930.80		93.08		18.4750192032		184750.192031859		0.184750192		1943		801.70		136605.862487315		0.2857142857		28.5714285714

						593.20		59.32		7.4296784598		74296.7845977187		0.0742967846		1916		801.40		136502.520500447		0.2976190476		29.7619047619

						1306.70		130.67		36.6830097135		366830.097134561		0.3668300971		1989		797.00		134991.379306225		0.3095238095		30.9523809524

						1333.30		133.33		38.2086312815		382086.312815376		0.3820863128		1921		795.60		134512.344686768		0.3214285714		32.1428571429
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						472.70		47.27		4.6942843932		46942.8439320523		0.0469428439		1903		632.60		84613.6688148807		0.4642857143		46.4285714286
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						628.00		62.8		8.3374205545		83374.2055448918		0.0833742055		1930		572.80		69221.2430310162		0.6071428571		60.7142857143

						815.80		81.58		14.1507530628		141507.53062801		0.1415075306		1935		568.60		68198.8058872352		0.619047619		61.9047619048

						575.30		57.53		6.9833487812		69833.4878121196		0.0698334878		1968		562.10		66631.6209461517		0.630952381		63.0952380952

						1547.80		154.78		51.6607515828		516607.515828431		0.5166075158		1928		546.70		62992.0781747008		0.6428571429		64.2857142857

						578.00		57.8		7.0497773048		70497.7730481838		0.070497773		1905		525.00		58038.9331091826		0.6547619048		65.4761904762

						332.50		33.25		2.3047298389		23047.2983886822		0.0230472984		1902		524.10		57837.929815521		0.6666666667		66.6666666667
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						793.00		79.3		13.3624992476		133624.992476271		0.1336249925		1069		269.00		15014.6917003859		0.880952381		88.0952380952

						255.00		25.5		1.3476637722		13476.6377217895		0.0134766377		1979		255.00		13476.6377217895		0.8928571429		89.2857142857
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						770.20		77.02		12.5970720949		125970.720948846		0.1259707209		1987		55.80		624.0963738884		0.9880952381		98.8095238095
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